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Introduction {#S0001}
============

Celiac disease (CD) is a multifactorial disorder with both genetic and environmental factors implicated in its pathogenesis ([@CIT0001]). Gluten, a protein complex formed by glutenin and gliadin proteins, is responsible for immune activation in susceptible individuals ([@CIT0002]). In genetically susceptible individuals, CD is triggered by the ingestion of wheat gluten or related rye and barley proteins ([@CIT0003], [@CIT0004]). CD was considered a rare disease in Iran, but serological screening studies have shown that it is relatively common, affecting approximately 1% of the population in Europe and North America and Iran ([@CIT0005], [@CIT0006]). A gluten free diet is used to treat CD.

The mineral zinc is an essential nutrient. It is a key trace element for the growing organism and is found in almost every cell of the body. High levels occur in specific organs such as the brain, middle ear, eye, skin, hair, and nails. It plays vital role in the activity of approximately 100 enzymes, and supports a healthy immune system. This micronutrient is involved in wound healing, DNA synthesis, energy metabolism, hemoglobin production, carbon dioxide transport, prostaglandin function, synthesis of collagen, protein synthesis, and vitamin A metabolism ([@CIT0007]). It supports normal growth and development during pregnancy, childhood, and adolescence. Several symptoms such as retardation of physical growth, poor appetite, impairment of sexual maturation and impaired taste acuity have been illustrated in zinc-deficient individual ([@CIT0008], [@CIT0009]).

Zinc is absorbed throughout the small intestine. The small intestine has a fundamental role in maintaining zinc homeostasis. CD significantly affects the proximal small intestine. So, zinc deficiency in patient suffering from CD may result from a cumulative loss of insoluble zinc complexes with fat and phosphate, exudation of zinc protein complexes into the intestinal lumen and massive loss of intestinal secretions or impaired zinc absorption because of damaged intestinal epithelial cell membrane ([@CIT0010]). Some symptoms of CD (e.g. anorexia and reduced growth rate) also occur in zinc deficiency ([@CIT0011]).

The aim of this study was to investigate, prospectively, the level of zinc in serum from patients with CD and compare it with healthy subjects.

Patients and Methods {#S0002}
====================

Measurement of serum Zinc Levels {#S20003}
--------------------------------

Serum was obtained from 30 patients, previously diagnosed with CD (14 males and16 females with mean age of 33.6 ± SD 11.3 years). The diagnosis of CD was based on clinical, serological, and histological criteria. The blood samples (5 ml) were collected in zinc-free vials under aseptic conditions in fasting patients. Then, they were centrifuged to isolate serum and stored at -20^o^C until further analysis. Serum was diluted in 1:5 ratio with distilled water. For standardization and calibration, standard solutions (Sigma Aldrich) containing 25, 50 and 100 mg. dl^--1^ of zinc were used. Acetylene gas was employed for the burner. Monochromatic light (wavelength of 213.9nm and slit-width of 1 mm) was used for zinc. The diluted samples were analyzed in triplicates in serial order. Finally, mean value obtained for each sample was reported. Thirty healthy normal volunteers 15 males and 15 females with mean age of 34.7± standard deviation 12.2 years) served as control group. The results of serum zinc measurements in CD patients were compared with zinc measurements in a control group. Atomic absorption spectrophotometer (PERKLIN ELMER 400) was employed for measurement of serum zinc.

Statistical analysis {#S20004}
--------------------

The statistical analysis was performed using the Fisher exact test and χ^2^. A *P* value of less than 0.05 was considered statistically significant. A one way ANOVA test was used to compare three or more groups or conditions in an experiment.

Results {#S0005}
=======

In this study, zinc concentrations in 30 patients suffering from CD were compared with 30 normal control subjects. For the two cohorts, CD and control, the one way ANOVA was documented ([Table 1](#T0001){ref-type="table"}).

###### 

ANOVA Table for two cohorts of CD and healthy subject[\*](#TF0001){ref-type="table-fn"}

  Source    SS         DF   MS        F       Prob \> F
  --------- ---------- ---- --------- ------- -----------
  Columns   4267.30    1    4267.27   17.55   9.63e-005
  Error     14099.10   58   243.09            
  Total     18366.40   59                     

The Sum of the Squares (SS), Degrees Of Freedom (DF), Mean Square (MS), F ratio(F), The p-value(Prob \> F)

Two types of hypothesis were statistically tested. Firstly, the null hypothesis attempting to show that no variation exists between variables, or that a single variable is no different than zero. Secondly, the hypothesis proposes that statistical significance exists in a set of data. But the data presented in [Table 1](#T0001){ref-type="table"} shows p-value (P\<0.0001). Consequently, the null hypothesis of equal means is the null hypothesis is false, the two mean squares estimate the different quantity and should be of approximately different importance. This difference was statistically significant when we compare the two groups (p\< 0.0001). [Figure 1](#F0001){ref-type="fig"} represents box plot for two cohorts. This figure represents the shape of the distribution, its central value, difference between two groups, and variability using in exploratory data analysis. As [Figure 1](#F0001){ref-type="fig"} shows, large difference in the center lines of the boxes correspond to great values of F and small values of p-values.

![Box plot for 30 patients and 30 healthy subjects](GHFBB-6-092-g001){#F0001}

The mean concentration of zinc in celiac patients compare to healthy control was 75.97±12 μg/l and 92.83±18μg/l, respectively.

Discussion {#S0006}
==========

Zinc is a vital trace element that the role of this element is as a component in metallo proteins for a substantial number of human metabolic functions. The importance of zinc concentration changes in CD patients reported in previous studies ([@CIT0011]--[@CIT0013]).

Rawal and co-authors evaluated the effects of GFD with or without zinc supplementation on plasma zinc levels in diagnosed CD patients with low plasma zinc levels ([@CIT0012]). Plasma zinc levels were measured in both groups after 4 weeks and compared. Also they showed that zinc levels rise with GFD irrespective of zinc supplementation.

Altuntas et al. indicated that zinc deficiency is an important problem in CD children with short stature ([@CIT0011]). Hogberg et al. related the serum concentration of zinc to the morphology of the small bowel mucosa in 58 children, all under 4 years of age and under investigation for CD([@CIT0013]).

As a result of intestinal malabsorption and increased fecal zinc loss, zinc deficiency has been documented in CD and inflammatory bowel disease ([@CIT0014]). In this study, 30 patients in the CD group and 30 in the control group had compared plasma zinc levels (*P*\< 0.0001). Mean serum zinc concentrations were lower in patients with CD than the control group. Probably the results of several mechanisms are the reason low serum zinc concentrations in CD. The first is reason reduced intake. Other reasons include malabsorption of zinc due to the proximal small bowel enteropathy, a low serum protein-binding capacity, desaturation of plasma zinc binding sites and at last losses through damaged intestinal epithelium([@CIT0013]).

Small intestinal biopsy histology score has been correlated with low plasma concentrations of zinc in screening cases with CD ([@CIT0015]). It is worthy of mention, that zinc metabolism is disturbed in chronic liver disease, because the liver plays an important role in the metabolism of zinc ([@CIT0016]).

In conclusion, this study shows that serum zinc concentration is decreased in untreated CD. Thus in CD with gastrointestinal symptoms, Serum zinc may thus be a marker of coeliac enteropathy ([@CIT0010]). However further studies are required to identify theoretical role of zinc in the pathogenesis and treatment of CD.
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